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Recently, fragments of specimens identified as belonging to the genus Melanoplus were collected from a rapidly receding glacier, Grasshopper Glacier, Park County, Montana ). These remains were radiocarbon-dated to between 650 and 850 yr before present (BP). Grasshopper Glacier, located in the Beartooth Range of Montana, has been known for at least a century for having particularly large quantities of grasshopper remains. Gurney (1953) reported that large numbers of M. mexicanus mexicanus (= M. spretus) had been identified from Grasshopper Glacier from as early as 1914, in addition to smaller numbers of other Melanoplus species. Lockwood et al. ( , 1991a Lockwood et al. ( , 1992 ) provided a recent description of the glacial deposits of grasshoppers from three sites in Montana together with morphological comparisons of recovered Melanoplus fragments with potential conspecifics, M. sanguinipes and M. spretus. Other known sites of significant glacial entrapment of grasshoppers include the Wind River Glaciers, Fremont Co., Wyoming (Lockwood et al. 1991b (Lockwood et al. , 1994 . As part of an ongoing study of the glacially preserved insects of the Rocky Mountain area, intact Melanoplus were recovered from Knife Point Glacier and identified as M. spretus based upon morphological criteria (Lockwood et al. 1991b (Lockwood et al. , 1994 . These remains were radiocarbon dated to 140 yr BP. A description of the preserved insect fauna of several of the Wind River Glaciers and a discussion of M. spretus was provided by Lockwood et al. (1991b Lockwood et al. ( , 1994 .
It appeared worthwhile to attempt the recovery and analysis of cuticular hydrocarbons from these bodies and fragments for comparison with those of other Melanoplus taxa in light of two essential issues. First, we hoped that it would be possible to resolve the question of the identity of the glacially-preserved grasshoppers and to demonstrate the viability of a novel and potentially valuable diagnostic method for similar material. The male genitalia, which are hypothesized as being diagnostic features of Melanoplus species Brooks 1959, Cohn 1994) , are rarely preserved in glacial remains, presumably due the small size of these structures and the preponderance of females in the deposits (Lockwood et al. 1994) . In this context, investigations of unorthodox approaches to taxonomic identification are essential (Lockwood 1989 , Lockwood et al. 1992 , 1994 , and these methods may prove valuable in studies of other poorly preserved samples (e.g., fragments recovered from the crops of birds, ant nests, archaeological sites, etc.). Second, it was our intention to shed some additional light on the taxonomic relationship between M. spretus and M. sanguinipes. Although Cohn (1994) . In all species, the reported hydrocarbons consisted of long-chain saturated aliphatics and have included n-alkanes in addition to internally-branched monomethylalkanes and dimethylalkanes. The primary dimethylalkanes in all species were identified as 9,19-, 11,21-and 13,23-isomers.
Thus, our purpose in this research was to determine the hydrocarbon compositions of grasshopper bodies and fragments recovered from the Grasshopper (Park Co.) and Wind River Glaciers and of museum specimens of the extinct M. spretus. We also undertook a reanalysis of the hydrocarbon composition of M. sanguinipes. These profiles were compared using discriminant analysis to determine likely associations between hydrocarbon patterns.
Materials and Methods

Specimens
The 
Analytical Methods
Each specimen was extracted by immersion in hexane and the hydrocarbons isolated from other cuticular components using silica gel mini-columns as described by Carlson density estimate (KDE) models (Silverman 1986 ) with bruteforce optimization of model parameters using the jack-knifed classification error as the decision criterion. The peaks selected for analysis included the predominant isomers of the three dominating homologous series: n-alkanes, monomethylalkanes and dimethylalkanes. Each individual peak area was expressed as a percentage of the total peak area for that sample and a dissimilarity matrix of normalized Euclidean distances was constructed from the resulting matrix. Peak subsets were also evaluated as part of the discriminant model optimization. The SAS System, version 6.01, (SAS Institute Inc., Cary, NC) was utilized to construct the discriminant models and for the univariate statistics. Multivariate analysis and plotting for visualization utilized Systat, version 5.03, (SYSTAT Inc., Evanston, IL). Monotonic multidimensional scaling (MDS) using Kruskal's stress formula 1 (Kruskal 1964 ) was used to reduce the data dimensionality to allow two-dimensional plotting for visualization. Shepard diagrams (Shepard et al., 1972) of distances in the final configuration against input dissimilarities were used as the measure of goodness-of-fit.
Results
The hydrocarbons from the glacial fragments and the two Melanoplus species exhibited similar chromatographic patterns (Fig. 1) consisting of an overall bimodal distribution of peaks ranging from KI 2000 to KI 5350. No higher boiling point alkanes were observed beyond this region up to nC80. All hydrocarbons detected consisted of long-chain saturated aliphatic n-alkanes and methyl-branched alkanes. There was no evidence for unsaturated components in the glacial specimens, M. spretus or M. sanguinipes.
The n-alkanes and methyl-branched alkanes identified by GLC-MS are presented in Table 1 . Each GLC peak is identified by a nominal KI, and the predominant isomer in co-eluting mixtures is noted when it was possible to do so with certainty. The slow MS scan rate together with overlapping diagnostic ions, particularly primary and secondary carbonium ions resulting from fragmentation of co-eluting isomers differing only in the number of methylene units between the methyl-branch points, made identification and reconstruction of relative ratios of methyl-branched isomers subject to uncertainty. In addition, the specification of a Kovat's Index for a specific chromatographic peak was complicated by relative shifts in isomer composition between individuals, particularly when the peak components, though unresolved, exhibited slight differences in retention times.
In all samples, n-alkanes were dominant and formed complete even-and odd-backbone homologous series from nC20 to nC35 or, perhaps, nC36. The odd carbon-number series was predominant with a series mode at either nC27 or nC29. Methylbranched alkanes occurred as homologous series of monomethylalkanes, dimethylalkanes, and trimethylalkanes having backbones of 25 to 53 carbons. The odd carbon-number backbone monomethylalkanes formed a complete bimodal homologous series from 25 to 49 carbons consisting of isomers having methyl-branch positions from the 3-to the 17-carbon. The predominant isomers at a specific carbon-number was either 11-or 13-branched and coeluted with the 9-, 15-and 17-methylalkane isomers. The series modes were at 31 or 33 carbons and at 43 carbons. An analogous series of even-backbone homologs was also present, albeit at a much reduced concentration. There was an overall trend with increasing chain length towards a reduction in the overall number of isomers present, but the predominant isomers remained consistent.
The dimethylalkanes also formed a complete bimodal homologous series of even-and odd-backbone isomers from 27 carbons to 53 carbons. The series modes were at 33 carbons and 49 or 51 carbons, respectively. The identified isomers ranged from 3, x-to 17,x-, with either the 13,x-, 11,x-or, rarely, 9,x isomers predominant. The number of methylene units between the methyl-branch points (I) for the 3,x-dimethylalkanes ranged from 1=3 to I=11 with 1=7 or 9 most prevalent. The 5,x-isomers ranged from 1=3, 5, 7 or 9 with I=5 or 7 dominant. The 7,xisomers were generally 1=3 or 1=5. The 9,x-through 17,xdimethylalkanes exhibited a more complex pattern in which there was a bimodality in the distribution of methylene units between the methyl-branch points at a given carbon-number. Isomers were identifiable with 1=3 and 1=9,11 and 13; however, intermediate numbers of methylene units between branch points did not appear to be present at detectable levels. The constraints inherent in interpreting mass spectra of such complex dimethylalkane mixtures precluded any absolute declarations; however, if the isomers having intermediate numbers of methylene units existed they were present at much lower levels than the 1=3, 1=9 and higher isomers. Internally-branched dimethylalkanes having 1=3 were predominant below 35 carbons. With increasing chain length there was a tendency towards a reduction in the number of isomers present at a given carbon-number, particularly isomers having 1=3, and the eventual loss of all but the isomers of the 11,x-and 13,xdimethylalkanes having 1=9 or higher. In most individuals analyzed, the shift in dominance between the 1=3 and 1=9, or greater, dimethylalkane isomers occurred at 35 carbons. EI mass spectra from the front of the partially resolved peak at KI 3555 (Fig. 2) units between the branch points. Less common were 3,x,y-, 5,x,y-and 7,x,y-isomers and trimethylalkanes having greater than three methylene units between the methyl-branch points. The more internally-branched trimethylalkanes occur only at the higher carbon-numbers and always as minor components. There is no evidence for methylalkanes having more than three methyl-branches.
Twenty of the largest peaks representing the three major homologous series of n-alkanes, methylalkanes and dimethylalkanes were chosen for quantitative analysis (Table   2 ). Discriminant analysis results based upon these peaks are presented in Table 3 The Melanoplus legs exhibited the same hydrocarbon composition as the complete body in both taxa and the MDS plots and discriminant models failed to show any consistent quantitative differences between the legs and bodies. The kernel density and quadratic discriminant models for M. sangiinipes and M. spretus exhibited similar classification errors for the n-alkanes in combination with the methylalkanes as for the methylalkanes alone. The observed differences in hydrocarbon patterns for these two putative species is not simply defined by proportional shifts in the n-alkanes. In addition, the n-alkanes by themselves resulted in poor discrimination with all of the discriminant models. Without further investigation, it is not possible to rule out a phase correlation with hydrocarbon pattern in Melanoplus that involves the methylalkanes.
The methylalkane composition of the Grasshopper Glacier fragments is similar to that of the two species of Melanoplls examined, and it is not possible to unambiguously refer the glacial fragments to either taxon based upon n-alkane and/or methylalkane compositions only. Thus, the identification of the Grasshopper Glacier fragments remains ambiguous. The cuticular hydrocarbon patterns of these fragments are within the range of overlap between M. sangiinipes and M. spretus and cannot be identified as either with certainty.
The Knife Point Glacier specimens can be more confidently classified as M. spretus. The degree of sampling bias in this study is difficult to evaluate. Melanoplus spretus is poorly represented in collections both in overall numbers and geographical representation and thus may be insufficiently sampled to reflect the actual variation. Neighborhood-defined discriminant models such as the KDE can be expected to exhibit sensitivity to sampling bias; however, the KDE results were identical to that of the space-partitioning quadratic model. In addition, the classification results were robust with respect to random subsampling of the M. sanguinipes to equalize sample sizes.
We were quite pleased to be able to successfully recover, analyze and describe saturated hydrocarbon compounds from 600 year-old insects, although their preservation in ice was doubtlessly helpful. The remarkable similarity between the glacial fragment composition and that of the modern specimens suggests that these compounds are subject to little degradation due to weathering and that the hydrocarbon composition of Melanoplus has been relatively stable for at least half a millennium. Although the methylalkane composition of Melanoplus has remained relatively invariant at least since the deposition of the glacial fragments, the degree of temporal stability in the cuticular hydrocarbon patterns remains unknown and the possibility that quantitative shifts have taken place cannot be ruled out. Melanoplzs sanguinipes collected from a single locality over a period of years did not exhibit clear temporal shifts in pattern, but the small sample size precludes definitive conclusions.
The degree of differentiation in hydrocarbon pattern between M. sanguinipes and M. spretus is consistent with their present status as distinct taxa. Further analysis of phase-related variation in patterns within the melanopline grasshoppers will be necessary to determine to what degree this differentiation is influenced by phase shifts.
